The hazard and the carcinogenic risks due to the exposure to some potentially toxic elements by the Santiago Island (Cape Verde) population where calculated, considering soil ingestion, inhalation and dermal contact as exposure pathways. The topsoil of Santiago Island is enriched in Co, Cr, Cu, Ni, V, Zn, Mn and Cd to upper crust values.
Introduction
Soils are natural resources, formed at the Earth surface by weathering of underlying rocks by the action of physical, chemical and biologic factors. They are the support of agriculture, the main carbon reservoir of the terrestrial carbon cycle, act as sink for pollutants, protecting groundwater from pollution and are also used as construction material and support. So they have very important social, environmental and economic functions (Vrščaj et al., 2008; Cabral Pinto et al., 2017a ).
However, if contaminated or polluted they can transfer potentially toxic elements (PTE) to groundwater, seepage waters and rivers and also to crops and vegetables which are used by humans and animals, and consequently affect human health. The soil contamination may be natural due to rock composition. Some elements can accumulate on topsoil, to concentrations that are toxic to the plant, to the animal feeding on it and to humans. Air quality may also be affect by contaminated soils, by the generation of airborne particles and dust (Gray et al., 2003) . In deeper soils due to changes in pH and Eh, the PTE may be released to groundwater resulting in its contamination (Camobreco et (EBV), the agricultural and residential Environmental Risk Index (ERI) for each element and the agricultural and residential Multi-Element (ME-ERI), which are the average of the ERIs taken over all elements, for some harmful elements in soils of Santiago Island (Cape Verde Archipelago). The present work follows the precedent study in order to better understand the relationships between environmental geochemistry and public health in a volcanic island which still preserve many pristine geochemical characteristics, where the anthropogenic action is not yet too strong. We present the hazard risk and the carcinogenic risk due to the exposure to some potentially toxic elements by the Santiago Island population, according to the Exposure Factors Handbook (USEPA, 2011). We consider soil ingestion, inhalation and dermal contact as exposure pathways, because most of the population of the Island is rural and the island is affected by strong winds (defined as "bruma seca") which mobilize significant amounts of dust particles from soil (AlmeidaSilva et al., 2013).
Geographic, geologic and climate settings and soil types
Cape Verde is formed by 10 islands, located at the African western shore (Figure 1 Table   2 shows a brief description of the soil cartography. The main soils are LT, RG, X and CM.
Castanozems occur mainly in association with LV, which are the soil group typically used for agriculture in Cape Verde ( Figure 2b and Table 2 ). 
X -Xerosols
Sub-arid soils, with surface decalcification horizons and with some organic matter (0.8-1.8%).
Mainly coarse-to-fine material.
VR -Vertisols
Non-lytic soils. Developed soils (ABC profile).
Fine-grained, up to 30% clay content.
LV -Luvisols
Developed soils (ABC profile). High proportion of finegrained particles (mainly clay)
Methodologies

Sampling, chemical and statistical analysis
The sampling, analytical and statistical methodologies were fully described in Cabral Pinto et al. (2015) , so only a brief description will be referred in the present paper.
Collection of 249 topsoil composite samples, away from potential anthropogenic influence, was performed at a spatial resolution of 0.3 sites/km 2 (identified by GPS).
Duplicate field samples were collected at every 10 sites. The <2 mm fraction was pulverized to < 75 m, digested with aqua regia and analyzed by ICP-MS at the ACME Analytical Laboratories, Canada. Lab-duplicate samples were taken at every 30 samples to calculate the analytical precision (which was better than 10%) and certified standard materials were analyzed to determine accuracy.
Variance analysis was performed to test the reliability of the data to be used in the statistical analysis. The estimated background values (EBV-S) of the analyzed elements was estimated as the median of the data limited by the Tukey Range. Principal Component analysis (PCA) was performed to determine the associations of metals, with Matlab 10 software.
Risk assessment
The environmental risk index (ERI) was calculated for PTE by Cabral Pinto et al. for adults (USEPA, 2011). EF is the exposure frequency and we used 365 days, considering the inhabitants of the island. ED is the exposure duration and we assumed that an inhabitant spend half of is live exposed, so we assumed 6 years for children and 35 years for adults and AT is ED expressed in days for non-carcinogenic. For body weight (BW) we used 15 kg for children and 70 kg for adults and a life expectance of 70 years.
The exposed skin area (SA) was taken as 2372 and 60,132 cm 2 for children and adults, respectively. The used skin adherence factor (SAF) was 0.2 and 0.07 mg.cm 
Results and Discussion
The (Table 3) . (Table 3 ).
The Hazard Quotients (HQ) for ingestion, dermal contact and inhalation routes and Hazard Indices (HI) were calculated (Table 4) , for the metals which show enrichment to UCC and also for As, which is a toxic and carcinogenic element, Zn and Mn. The selected elements are potentially toxic elements and some (As, Cd, Cr and Ni)
are also carcinogenic (USDE, 2013). The pathways chosen were ingestion, inhalation and dermal contact and the calculations were performed for children and adults. Major The non-carcinogenic hazard indices (HI) for all nine elements are given in Table 4 .
For adults the HI are always smaller than 1, whereas for children they are higher than 1 for Co, Cr, and Mn. The HI value of these elements is mainly controlled by the HQingestion, which are also higher than 1 for these 3 elements. The HQingestion is always the highest for all the elements, while the HQinhalation is the lowest (Figure 3 ). , very close to the target risk. The lack of RfD for some elements disenables a more complete evaluation of the cancer-risk.
Santiago Island still has an almost pristine surface environment and the topsoil composition is mainly determined by the composition of the underlying basic rock. These rocks are rich in siderophile elements promoting a natural contamination of soils in Co, Cr, Ni, Cu, V, Zn, Cd and Mn. Of these, Co, Cr and Mn present a potential noncarcinogenic risk for children, which are vulnerable people. On the other way the soil composition affects groundwater composition, so there is a flux of the natural contamination from soils to groundwater which deserves to be evaluated. The inhabitants of Santiago Island depend on groundwater for consumption and for agriculture and the flux water-vegetables-men also deserve evaluation, because endemic diseases can be controlled with proper measures, if its cause is well constrained.
Conclusions
The topsoil of Santiago Island, Cabo Verde, have a geochemical composition mainly controlled by the type of underlying rock, as most of the elements in the topsoil have mainly a geogenic origin.
The environmental risk index (ERI) calculations shown that the Santiago Island topsoil are naturally contaminated in Co, Cr, Cu, Ni and V, because these elements have contents well above those allowed by Canadian and Dutch legislations for agricultural soils.
The non-carcinogenic hazard indices (HI) were calculated for 9 potentially toxic elements and they are always smaller than 1 for adults, considering that the soil contaminants enter the human body by soil ingestion, dermal contact and inhalation of dust particles. For children the non-carcinogenic hazard indices are 2.9952 for Co, 1.3293
for Cr and 1.1111 for Mn. For the other elements they are lower than 1.
The cancer risk is higher than the carcinogenic target risk of 1x10 -6
for Cr, for adults.
But these results may be underestimated as only the inhalation risk was calculated for Cr, Ni and Cd. Also soil contaminants may be indirectly ingested by groundwater and by crop and vegetables consumption. The elements flux soil-groundwater-crops and vegetables may increase the hazard and cancer risk.
There is need of evaluation of the risks associated with groundwater consumption and diet in Santiago Island. 
